Introduction: We reviewed the safety and effectiveness of our hospital's urological telemedicine program that has been used for the Iowa prisoner population for more than a decade.
As the U.S. population continues to age the need for urologists has never been greater. However, due to a multitude of factors, including a relatively high rate of retirement 1, 2 and low rate of training for urologists, the number of urologists per capita continues to decline. 2 As of 2013 there were 3.09 urologists per 100,000 population, 3 decreasing from 3.18 in 2010 4 and representing the lowest number per capita since 1981. 1 Patients in rural U.S. areas already have decreased access to health care, 5e11 including urological care. A recent survey of urologists revealed that those younger than 45 were 3 times less likely to practice in nonmetropolitan or rural counties. 12 Telemedicine has been used and studied in other medical disciplines as a means of reaching access-poor populations, including those in rural settings. There are many potential advantages to TM for patients and providers, including a significant decrease in direct and indirect medical costs. 13 However, the inability to perform a physical examination and persistent concerns about the inability to bill and receive reimbursement for the provided care have thus far limited the widespread use of TM in surgical subspecialties such as urology.
UIHC (University of Iowa Hospitals and Clinics) provides medical care to our state's prison population, and because of many logistical concerns with caring for this unique population, much of the initial, nonemergent urological care is provided using TM. In this study we review the urological TM program at UIHC. We hypothesized that TM urological care can improve access in this underserved population without compromising safety or effectiveness.
Materials and Methods

Background
TM care for our state's prison population has been conducted by a urological advanced practice provider since 2000, and has been performed using teleconferencing (ie telephone only) and videoconferencing. In most cases a primary care provider at the prison has been available to perform a basic physical examination before or during the TM visit as requested by the urology APP. A staff urologist is also immediately available on call, typically for urological complaints or conditions that might be considered urgent by the APP and/or the prison health care worker.
Importantly, the overarching goal of these TM consultations has not been to completely replace in-person visits, but rather to triage the patient's complaint to maximize the efficiency and effectiveness of the eventual in-person visit.
Thus, a major tenet of our TM care is to order the appropriate radiographic and laboratory tests to be completed before an in-person visit, and to minimize the travel of the prisoner to and from the prison.
Study Population
An institutional review board approved retrospective review of the medical records of all Iowa male prison urology patients initially evaluated with TM at our institution from January 2007 to July 2014 was performed. This start date was chosen as it represented the first year (January 2007) in which the Epic electronic medical record was fully integrated into our health care system and, thus, full records, including laboratory testing and medication orders, were immediately available.
Study Methodology
We first analyzed the specifics of the TM visit only, including urological complaints provided to the APP, the eventual diagnosis (or differential diagnosis) provided by the APP to the patient, suggested management including diagnostic tests ordered, medications and/or treatments provided, and suggested followup.
The effectiveness of the TM visits was determined by analyzing the men who were eventually seen for in-person visits. We evaluated the 2 separate variables of 1) concordance of the TM diagnosis (or differential diagnosis) with the diagnosis provided at the in-person visit, and 2) compliance with radiologic and pharmacological orders suggested during the TM visit before the in-person visit.
The efficiency of TM was determined by analyzing the number of in-person visits obviated by using TM, which was determined by identifying patients who met 1 or more of the criteria that 1) orders placed at the TM visit were completed before the in-person visit, 2) followup was not required after the initial TM consultation (ie APP discharged patient from further care), or 3) additional TM visits were performed before or in place of a followup in-person visit to evaluate initial care provided and/or progression of the chief complaint.
We then estimated the number of men who could have been treated with TM alone by determining which of our patients met 1 or more of the criteria including 1) the urological condition was completely and successfully managed with TM (ie sufficient assessment and plan made during TM visit alone), 2) a urological diagnostic procedure (eg cystoscopy, urodynamics or biopsy) was not required, or 3) surgery or other interventional treatment was not required. The determination that the patient could be treated with TM alone also assumed that 1) radiology and laboratory testing can be performed locally, 2) radiology and laboratory testing results can be read remotely by the APP/ urologist, and 3) given remote access to radiology and faceto-face videoconference capabilities, a primary care provider's physical examination is deemed safe and sufficient.
Statistical Analysis
All data were stored in a REDCap (Research Electronic Data Capture) database. Descriptive statistics (mean AE SD) were performed within the REDCap database platform as well as with MicrosoftÒ Excel 2013 after transferring spreadsheets from the REDCap software.
Results
A total of 376 unique and 154 repeat TM encounters occurred during the study period. Mean patient age was 42.3 (AE13.2) years. Prison locations relative to our institution are shown in figure 1 , with driving distances from the prison to our hospital ranging from 3 to 311 miles and averaging 186 (AE151) miles.
Initial Telemedicine Visit
The most common chief complaint of the male prisoners prompting the TM consultation was one of voiding/storage (53% of patients), followed by genitourinary pain (40%) and hematuria (20%). The most common TM diagnoses made at the end of the consultation were benign prostatic hyperplasia/LUTS (24%), benign testicular lesions (23%) and hematuria (11%, table 1). Orders placed after the TM visit were most commonly radiologic (47%), followed by medication (40%) and laboratory testing (38%, table 1). Followup appointments were scheduled after 87% of initial TM visits, of which 50% were to be in-person visits at our clinic and 37% by TM only (actual followup shown in table 1 and figure 2).
Effectiveness of Telemedicine
Of the 376 men evaluated via TM 210 (56%) were eventually seen in our clinic. For these patients the TM and in-person visit diagnoses were concordant 90% of the time (table 2) . Of the 22 diagnoses that were not concordant 6 (27%) were assumed to involve a recurrence of urethral stricture based on medical history of stricture not found on objective investigation and 6 (27%) patients diagnosed with Figure 1 . Locations of Iowa prisons participating in TM benign prostatic hyperplasia/LUTS via TM were found to have a more specific diagnosis on further evaluation, with urethral stricture being the most common. Importantly, there were no discordant diagnoses of genitourinary malignancy. Compliance with radiologic (91%) and medication (89%) orders from the TM visit was high.
Efficiency of Telemedicine
We estimated that TM led to 80% of our patients requiring at least 1 fewer in-person visit than would have otherwise been necessary to manage the urological problem. Had TM been fully used (ie laboratory testing/radiology orders fully executed), we estimated that more than 94% could have saved a visit. Given the relatively young and healthy prison population we were managing with TM, it was estimated that under ideal circumstances 52% of the patient population could have been safely managed with TM alone.
Discussion
Our study objective was to determine the efficiency and effectiveness of telemedicine for urological care in our state's male prison population. Overall we found that a large percentage of the urological complaints were voiding dysfunction and urological pain conditions, most commonly testicular pain. The correct urological diagnosis was reached by our APPs administering the care in more than 90% of the cases using TM alone, highlighting the safety of the program for the majority of general urological Figure 2 . Followup after TM visit. PSA, prostate specific antigen. NOS, not otherwise specified. F/U, followup.
conditions. Furthermore, 80% of patients were saved at least 1 trip to our institution for urological care by using TM, leading to presumed decreases in direct and indirect costs. Collectively these findings demonstrate how TM might safely become a way to address disparities in urological access in other underserved and access-poor populations.
Telemedicine in Practice
Telemedicine has been used for more than 40 years and in many specialties. It has commonly been used to transmit images in radiology 14, 15 and pathology, 16e18 but more recently has been used for real-time patient-physician teleconferencing and videoconferencing. In urology TM has been shown to be effective for rounding on inpatients.
19e21 TM has also been used for surgical applications such as preoperative evaluation 22 and postoperative followup. 23 Hwa and Wren reported that a postoperative telephone call by a physician assistant effectively replaced postoperative physician office visits for ambulatory surgery patients following elective open hernia repair or laparoscopic cholecystectomy. 24 They noted that the use of this program led to the opening of 110 clinic slots during a 10-month period, which decreased the wait time for new patients. It has been shown that TM can increase access to patients in rural areas. 25 For these patients TM directly saves time and money by decreasing unnecessary travel. 13 
Improving Access to Care with Telemedicine
We have previously addressed improving access to urological care in Iowa's rural populations by using physician outreach clinics. 26 These clinics serve a purpose similar to that of TM clinics as they make the visits more convenient for the patient, with the physician travelling directly to the patient. Our group noted that the percentage of patients who had to travel less than 30 minutes to their urology appointment in Iowa increased from 57% to 84% with the use of outreach clinics, improving the patient's access to care. However, this improved access was at the expense of nearly 20,400 miles driven by the state's urologists every month. In addition, these clinics were generally less efficient (ie fewer patients were seen secondary to physician travel time), which means that while the distance to access may have improved for the individual rural urology patient, overall access was effectively diminished with fewer overall urology clinic visits throughout the state. Telemedicine can improve access to underserved areas by eliminating travel time and associated costs for the provider and the patient. 13 Importantly, attitudes about how health care is provided in this country are changing. According to a recent survey 74% of the patients surveyed prioritize access to health care over in-person interactions with health care providers. Furthermore, 70% said they were comfortable communicating with providers via text, email or video in lieu of an in-office visit. 27 Acceptance of TM care has been demonstrated in numerous scientific studies as well. 13, 22 Most recently a study comparing the satisfaction of urology patients seen with TM vs those seen at in-person clinic visits showed higher satisfaction and preference among those seen with TM, primarily due to travel concerns. 28 Telemedicine seems particularly well suited for the triage of new patients. In the population studied we estimated that 80% to 94% of initial in-person visits could have been replaced with TM visits, during which imaging, laboratory testing and medications could be ordered and completed before an in-person visit. This approach is especially attractive for patients in rural areas and can minimize their travel burden.
Assessing the Safety of Telemedicine for Urological Care
One of the biggest concerns of patients and providers about TM is the fear of a missed or delayed diagnosis due to the inability to perform a physical examination. One option to mitigate this concern is to have a primary care provider present during the TM encounter to perform a physical examination at the direction of the specialist physician. In a study that evaluated this method of performing the physical examination for general surgery TM consults, surgeons believed that 96% of physical examinations performed by a primary care provider were reliable.
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Overall the lack of a physical examination performed by the urology APP did not appear to limit the effectiveness of the visits, as determined by the concordance of diagnoses. This may be in part because in most cases a skilled provider (physician or APP) was available at the prison to perform any necessary examinations, and when a more directed examination was required the patients were asked to return to our clinic. Furthermore, in most cases where physical examination findings are concerning to the patient and/or referring provider (eg testicular mass), the examination requires a confirmatory radiologic study that is reviewed by our urological providers at the in-person visit.
Telemedicine as a Cost-Effective Means of Providing Urological Care
This study did not directly address the direct or indirect costs associated with our TM program, although we estimated that nearly 94% of patients could save at least 1 visit by using TM for the initial urology consultation, decreasing the direct costs of travel and guard salary in the prison population and the indirect costs of potential loss of income due to missed work in the nonprison population. A prior study estimated that national implementation of TM in correctional facilities could save more than 583,000 visits and more than $270 million each year, saving almost 75% of total visits and almost 60% of current annual cost. 29 Another study of urological TM in the Veterans Affairs system showed an average direct cost (travel) savings of $67 and an indirect cost (lost income) savings of $126 per visit through the use of TM. 13 With decreasing costs of technology in general, the cost of TM system implementation continues to decrease, which will make TM an increasingly cost-effective means of providing urological care. Incorporation of remote patient reported outcomes questionnaires into the TM practice may also improve its ability to monitor longitudinally.
Study Limitations
This study was limited by its retrospective design, which affected our ability to fully address concerns regarding lack of physical examination as nearly 50% of patients seen with TM were not seen during an in-person visit to fully validate TM assessments. The design also limited our ability to assess the appropriateness of radiologic and imaging orders made by the APPs. While this study estimates the potential for TM to replace in-person visits, the goal of the TM program at our institution was not to replace in-person visits but to maximize the effectiveness of in-person visits. In addition, while TM is purported to be a cost-effective approach to addressing access concerns, we did not do a full cost-effectiveness study. Finally, this study analyzed a younger cohort of men in prison, with an average age of 42.3 years, which is much lower than that of the patients seen in most urology clinics. Therefore, many urological conditions that are more common in older populations were not commonly seen in this young sample and, thus, estimates of compliance, safety and effectiveness may only be applicable to a younger male population. Furthermore, the unique circumstances with freedom impairment that patients face while in prison may alter presentation pathologies and compliance with prescribed medication and radiology orders.
Conclusions
We found TM to be a safe and effective method to increase access to urological care. Telemedicine effectively replaced 80% of initial visits in this access-poor population, with the potential to save more than 90% of initial visits if all TM orders are followed. We estimated that with refined, prospective protocols more than 50% of the patients in this younger male population might have been safely treated with TM alone. Continued expansion of the use of TM in urology appears safe and, assuming access to local radiologic and laboratory care, has the potential to increase access to specialized urological care in areas where providing this care might otherwise be too cost prohibitive.
